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MAGNETORHEOLOGICAL NANOCOMPOSITE ELASTOMER 
FOR RELEASABLE ATTACHMENT APPLICATIONS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of U.S. Application Serial 
No. 10/273,691 filed October 19, 2002, which is incorporated by reference herein in 
its entirety. 

BACKGROUND 

[0002] This disclosure relates to releasable attachment devices of the type 
used to fasten, retain, or latch together components of an apparatus or a structure that 
are to be separated or released under controlled conditions. This disclosure further 
relates to releasable attachment devices that provide variable damping capabilities. 

[0003] Hook and loop type separable fasteners are well known and are used to 
join two members detach ably to each other. These types of fasteners generally have 
two components disposed on opposing member surfaces. One component typically 
includes a plurality of resilient hooks while the other component typically includes a 
plurality of loops. When the two components are pressed together they interlock to 
form a releasable engagement. The resulting joint created by the engagement is 
relatively resistant to shear and pull forces, and weak in peel strength forces. As such, 
peeling one component from the other component can be used to separate the 
components with a minimal applied force. As used herein, the term "shear" refers to 
an action or stress resulting from applied forces that causes or tends to cause two 
contiguous parts of a body to slide relatively to each other in a direction parallel to 
their plane of contact. The term "pull force" refers to an action or stress resulting 
from applied forces that causes or tends to cause two contiguous parts of a body to 
move relative to each other in a direction perpendicular to their plane of contact. 

[0004] Magnetorheological (MR) elastomers are known as "smart" materials 
whose rheological properties are rapidly changed upon application of a magnetic 
field. MR elastomers are suspensions of micrometer- or nanometer-sized, 
magnetically 
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polarizable particulates embedded in an elastomeric polymer or rubber. The stiffness 
of the MR elastomer structure is accomplished by changing the shear and 
compression/tension moduli by varying the strength of the applied magnetic field. 
The stronger the magnetic field, the stiffer the MR elastomer will be. The MR 
elastomer typically develops structure when exposed to a magnetic field in as little as 
a few milliseconds. Discontinuing the exposure of the MR elastomer to the magnetic 
field reverses the process and the MR elastomer returns to its lower modulus state. 
Because of the ability to vary the modulus or stiffness of the MR elastomer on 
demand, MR elastomers have found use as components in damping devices. 

BRffiF SUMMARY 

[0005] Disclosed herein is a releasable fastener system that provides for a 
controlled release or separation of a joint in a shear and/or pull-off direction, while 
providing active or variable damping properties when the fastener is engaged. A 
releasable fastener system comprises a loop portion comprising a support and a loop 
material disposed on a surface thereon; a hook portion comprising a support and a 
plurality of hook elements disposed on a surface, wherein the plurality of hook 
elements comprises a magnetorheological elastomer adapted to change a shape 
orientation and/or flexural modulus of the hook elements upon receipt of a magnetic 
signal; and an activation device coupled to the plurality of hook elements, the 
activation device being operable to selectively provide the magnetic signal to the hook 
elements and effectuate a change in the shape orientation and/or flexural modulus of 
the hook elements to reduce or increase a shear force and/or a pull-off force, and 
wherein the change in the flexural modulus of the hook elements provides a damping 
capability to the fastener system. 

[0006] A process for operating a releasable fastener system comprises 
contacting a loop portion to a hook portion to form a releasable engagement, wherein 
the loop portion comprises a support and a loop material disposed on a surface 
thereon, and wherein the hook portion comprises a support and a plurality of hook 
elements disposed on a surface, wherein the plurality of hook elements comprises a 
magnetorheological elastomer adapted to change a shape orientation and/or flexural 
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modulus upon receipt of an magnetic signal, wherein the change in the flexural 
modulus of the hook elements provides a damping capability to the fastener system; 
maintaining constant shear and pull-off forces in the releasable engagement; 
selectively introducing the magnetic signal to the hook elements, wherein the 
magnetic signal is effective to change a shape orientation and/or flexural modulus; 
and reducing or increasing shear and/or pull-off forces in the releasable engagement. 

[0007] A hook portion for a releasable fastener system comprises a support 
and a plurality of hook elements disposed on a surface of the support, wherein the 
plurality of hook elements comprise a magnetorheological elastomer adapted to 
change a shape orientation and/or a flexural modulus upon receipt of a magnetic 
signal, wherein the change in the flexural modulus of the hook elements provides a 
damping capability. 

[0008] An engine mount comprising the releasable fastener is also disclosed. 

[0009] The above described and other features are exemplified by the 
following figures and detailed description. 

BRffiF DESCRIPTION OF THE DRAWINGS 

[0010] Referring now to the figures, which are exemplary embodiments and 
wherein the like elements are numbered alike: 

[0011] Figure 1 is a cross sectional view of a releasable fastening system; 

[0012] Figure 2 is a cross sectional view of the releasable fastening system of 
Figure 2, wherein the releasable fastening system is engaged; 

[0013] Figure 3 is a cross sectional view of the releasable fastening system of 
Figure 2, wherein the releasable fastening system is disengaged; and 

[0014] Figure 4 is a cross sectional view of an exemplary MR elastomer hook. 
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DETAILED DESCRIPTION 



[0015] As shown in Figure 1, a releasable fastener system, generally indicated 
as 10, comprises a loop portion 12 and a hook portion 14. The loop portion 12 
includes a support 16 and a loop material 18 disposed on one side thereof whereas the 
hook portion 14 includes a support 20 and a plurality of closely spaced upstanding 
hook elements 22 extending from one side thereof. The hook elements 22 are formed 
of a magnetorheological elastomer that provides a shape changing and/or flexural 
modulus capability to the hook elements 22 as will be described in greater detail. 

[0016] Coupled to and in operative communication with the hook elements 22 
is an activation device 24. The activation device 24, on demand, provides a magnetic 
activation signal to the hook elements 22 to change the shape orientation and/or 
flexural modulus property of the hook elements 22. The change in shape orientation 
and/or flexural modulus property generally remains for the duration of the applied 
activation signal. Upon discontinuation of the magnetic activation signal, the hook 
elements 22 revert substantially to a relaxed or unpowered shape. The illustrated 
releasable fastener system 10 is exemplary only and is not intended to be limited to 
any particular shape, size, configuration, number or shape of hook elements 22, shape 
of loop material 18, or the like. 

[0017] During engagement, the two portions 12 and 14 are pressed together to 
create a joint that is relatively strong in shear and pull-off directions, and weak in a 
peel direction. For example, when the two portions 12 and 14 are pressed into face- 
to-face engagement, the hook elements 22 become engaged with the loop material 18 
and the close spacing of the hook elements 22 resists substantial lateral movement 
when subjected to shearing forces in the plane of engagement. Similarly, when the 
engaged joint is subjected to a force perpendicular to this plane, (i.e., pull-off forces), 
the hook elements 22 resist substantial separation of the two portions 12 and 14. 
However, when the hook elements 22 are subjected to a peehng force, the hook 
elements 22 can become disengaged from the loop material 18. It should be noted 
that separating the two portions 12 and 14 using the peehng force generally requires 
that one or both of the supports forming the hook portion and loop portion be flexible. 
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[0018] To reduce shear and pull-off forces resulting from the engagement, the 
shape orientation and/or flexural modulus of the hook elements 22 is altered upon 
receipt of the activation signal from the activation device 24 to provide a remote 
releasing mechanism of the engaged joint. As a result of changing the shape 
orientation and/or flexural modulus of the hook elements 22, a marked reduction in 
shear and pull-off forces is observed, thereby allowing the joint to separate in 
directions normally associated with pull-off and shear. That is, the change in shape 
orientation reduces the shearing forces in the plane of engagement, and reduces the 
pull-off forces perpendicular to the plane of engagement. For example, as shown in 
Figures 2 and 3, the plurality of hook elements 22 can have inverted J-shaped 
orientations that are changed, upon demand, to substantially straightened shape 
orientations upon receiving an activation signal from the activation device 24. The 
substantially straightened shape relative to the J-shaped orientation provides the joint 
with marked reductions in shear and pull-off forces. 

[0019] In the alternative, to increase shear and pull-off forces resulting from 
the engagement, the shape orientation of the hook elements 22 is altered upon receipt 
of the activation signal from the activation device 24 to provide a remote mechanism 
of enhancing the engaged joint. As a result of changing the shape orientation and/or 
flexural modulus of the hook elements 22, a marked enhancement in shear and pull- 
off forces is observed, thereby increasing the force required to separate the joint in 
directions associated with pull-off and shear. That is, the change in shape orientation 
increases the shearing forces in the plane of engagement, and increases the pull-off 
forces perpendicular to the plane of engagement. For example, the plurality of hook 
elements can have inverted J-shaped orientations that are changed, upon demand, to 
hook elements having an increased flexural modulus (stiffness) upon receiving an 
activation signal from the activation device. The increased stiffness of the J-shaped 
hook relative to stiffness in the unpowered state provides the joint with marked 
increases in shear and pull-off forces. It will be understood that the magnetic field 
must be in an appropriate direction and of a sufficient strength to effectuate either a 
reduction in shear and pull-off forces or an increase in shear and pull-off forces. 
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[0020] In addition to providing a reduction or increase in shear and/or pull-off 
forces, the MR elastomer hook elements provide active damping capabilities to the 
fastener system. As shown in Figure 1, a sensor device 30 is preferably attached to 
the hook support 20 and measures the vibrations occurring in the fastener system. 
Optionally, the sensor 30 may be attached to the loop support 16. The sensor 30 is in 
operative communication with a computer 32, which is in operative communication 
with the activation device 24. The computer 32 receives an input signal from the 
sensor 30, and then calculates the amount of damping required. The computer 32 then 
sends and output signal to the activation device 24, which provides a magnetic signal 
of the required strength, direction, and duration to the hook elements 22. The hook 
elements 22 in turn have an increase in flexural modulus in proportion to the strength 
of the magnetic signal. A continuously variable control of the flexural modulus of the 
hook elements allows for effective damping of the fastener system. An alternative 
fastener system can have the loop material 18 as well as the hook elements 22 
fabricated from a MR elastomer to further increase the damping capabilities of the 
fastener system 10. 

[0021] Referring now to Figure 4, an exemplary magnetorheological hook 22 
comprises an elastomeric material 26 and magnetic particulates 28 disposed within 
the elastomeric material 26. Preferably, the elastomeric material 26 employed is 
resilient and flexible. 

[0022] The hook elements 22 may be formed integrally with support 20, or 
more preferably, may be attached to the support 20. In practice, spacing between 
adjacent hook elements 22 is an amount effective to provide sufficient damping 
properties and shear and pull-off resistance desired for the particular application 
during engagement with the loop material 18. Depending on the desired application, 
the damping or the amount of shear and pull-off force required for effective 
engagement can vary significantly. Generally, the closer the spacing and the greater 
the number of hook elements 22 employed will result in increased shear and pull-off 
forces upon engagement. The hook elements 22 preferably have a shape configured 
to become engaged with the loop material 18 upon pressing contact of the loop 
portion 12 with the hook portion 14, and vice versa. In this engaged mode, the hook 
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elements 22 can have an inverted J-shaped orientation, an inverted L-shape, a 
mushroom shape, a knob shape, a multi-tined anchor, T-shape, spirals, or any other 
mechanical form of a hook-like element used for separable hook and loop fasteners. 
Such elements are referred to herein as "hook-like", "hook-type", or "hook" elements 
whether or not they are in the shape of a hook. Likewise, the loop material may 
comprise a plurality of loops or pile, a shape complementary to the hook element 
(e.g., a key and lock type engagement), or any other mechanical form of a loop-like 
element used for separable hook and loop fasteners. 

[0023] Suitable MR elastomer materials include, but are not intended to be 
limited to, ferromagnetic or paramagnetic particulates suspended in an elastomeric 
polymer matrix. Suitable polymer matrices include, but are not limited to, poly- 
alpha-olefins, natural rubber, silicone, polybutadiene, polyethylene, polyisoprene, 
polyurethane, and the like. 

[0024] Suitable ferromagnetic or paramagnetic particulates include 
compounds comprising oxides, chlorides, sulfates, sulfides, hydrates, and other 
organic or inorganic compounds of cerium, chromium, cobalt, dysprosium, erbium, 
europium, gadolinium, holmium, iron, manganese, neodymium, nickel, 
praesodymium, samarium, terbium, titanium, uranium, vanadium, and yttrium. 
Preferred particulates include alloys of iron, nickel, manganese, and cobalt, with or 
without other nonmagnetic elements; alloys of iron, nickel, manganese, and cobalt 
with gadolinium; and the like. Other preferred particulates include magnetite (Fe304) 
and other compounds of iron and oxygen, and a third metallic component. 

[0025] The preferred particulates are nanoparticles. Suitable diameter sizes 
for the particulates can be less than or equal to about 500 nanometers, with less than 
or equal to about 250 nanometers preferred, and less than or equal to about 100 
nanometers more preferred. Also preferred is a particulate diameter of greater than or 
equal to about 1.0 nanometer, with greater than or equal to about 10 nanometers more 
preferred, and greater than or equal to about 50 nanometers especially preferred. The 
particulates preferably have an aspect ratio of about 0.25 to about 4, where the aspect 
ratio is defined as the ratio of the length to the equivalent circular diameter. The 
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particulates are preferably present in an amount between about 5 to about 50 percent 
by volume of the total MR elastomer composition. Alternatively, the particles can be 
larger, e.g., micron sized particles, to be effective in altering the modulus properties of 
the material in a magnetic field. However, the nanometer-sized particles are more 
preferred because the modulus properties of the particle/elastomer composite can be 
more readily tailored by the choice of particle size, particle size distribution and 
particle concentration when the nanometer-sized particles are used. 

[0026] The MR elastomer can be formed into hook elements using techniques 
well known in the art, such as extrusion into fibers or rods, injection molding, 
compression molding, and the like. 

[0027] The activation device 24 can be configured to deliver an activation 
signal to the hook elements 22, wherein the activation signal comprises a magnetic 
signal. The magnetic signal is preferably in the form of a magnetic field. The 
magnetic field may be generated by a permanent magnet, an electromagnet, or 
combinations of the foregoing. The strength and direction of the magnetic field 
employed is primarily dependent on the particular MR elastomer employed for 
fabricating the hook element and the use to which the assembly will be put. The 
magnitude and duration of the applied field strength preferred is an amount suitable to 
change a shape orientation and/or flexural modulus of the hooks to reduce or increase 
a shear force and/or pull-off force, as well as to provide variable damping properties 
to the engaged fastener system. A non-limiting example for reduction in shear force 
and/or pull-off force is a change in a hook shape from an inverted J-shaped orientation 
to a substantially straightened orientation (As shown in Figures 2 and 3). The 
magnitude of the applied field strength for damping properties varies depending upon 
the strength of the vibration being damped. A non-limiting example for damping is to 
increase the flexural modulus of the hook shape to substantially damp the vibration 
force(s) in the fastener system. 

[0028] Suitable magnetic field strengths for the hook elements (or in the 
appropriate circumstance the loop elements) comprised of MR elastomers range from 
greater than about 0 to about 1 Tesla (T). 
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[0029] The loop material 18 generally comprises a random looped pattern or 
pile of a material. The loop material is often referred to as the "soft", the "fuzzy", the 
"pile", the "female", or the "carpet". Suitable loop materials are commercially 
available under the trademark VELCRO from the Velcro Industries B.V. Materials 
suitable for manufacturing the loop material include metals, and thermoplastics such 
as polypropylene, polyethylene, polyamide, polyester, polystyrene, polyvinyl 
chloride, acetal, acrylic, polycarbonate, polyphenylene oxide, polyurethane, 
polysulfone, and the like. For added damping capabilities, the loop material may also 
comprise MR elastomers. The loop material 18 may be integrated with the support or 
may be attached to the support. 

[0030] The supports 16 (loop portion 12) or 20 (hook portion 14) may be rigid 
or flexible depending on the intended application. Suitable materials for fabricating 
the support include plastics, fabrics, metals, and the like. For example, suitable 
plastics include thermoplastics such as for example polypropylene, polyethylene, 
polyamide, polyester, polystyrene, polyvinyl chloride, acetal, acrylic, polycarbonate, 
polyphenylene oxide, polyurethane, polysulfone, and other like thermoplastic 
polymers. An adhesive may be applied to the backside surface of the support (the 
surface free from the hook elements 22 or loop material) for application of the 
releasable fastener system to an apparatus or structure. Alternatively, the releasable 
fastener system 10 may be secured to an apparatus or structure by bolts, by welding, 
or any other mechanical securement means. It should be noted that, unlike traditional 
hook and loop fasteners, both supports 16 and 20 could be fabricated from a rigid or 
inflexible material in view of the remote releasing capability provided. Traditional 
hook and loop fasteners typically require at least one support to be flexible so that a 
peeling force can be applied for separation of the hook and loop fastener. 

[0031] The support 20 may also comprise the activation device 24 for 
providing the activating signal to the hook elements. For example, the support 20 
may be an electromagnet for providing a magnetic signal. 

[0032] In one embodiment, the flexural modulus property of the hook 
elements 22, in the absence of a magnetic signal, is preferably unable to maintain a 
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given load and cannot form an engaged fastener system. By applying a magnetic 
signal to the hook elements, the flexural modulus property of the hook elements 22 
would be sufficient to maintain the fastener system in an engaged position, and 
therefore maintain the load. Upon removal of the magnetic signal, the releasable 
fastener system disengages due to the decrease in the flexural modulus property of the 
hook elements. Thus, in this embodiment, the degree of attachment force can be 
controlled by the applied magnetic field strength. In addition to the hold 
characteristics, the flexural modulus of the hook elements can variably changed to 
provide damping properties to the fastener system and still maintain engagement. 

[0033] In another embodiment, the flexural modulus property of the hook 
elements 22, in the absence of a magnetic signal, is preferably able to maintain a 
given load when the fastener is engaged, as well as to provide variable damping 
capabilities. In the presence of a sufficiently high magnetic field, the flexural 
modulus property of the hook elements 22 increases resulting in hook elements 22 
prone to brittle fracture when subjected to a high shear force. In this embodiment, 
controlling the fracture stiffness of the joint can control the breakaway shear force in 
the engaged fastener system joint. The fracture stiffness of the joint is in turn 
controlled by the applied magnetic field strength. 

[0034] It will be appreciated that any number of different products or 
structural elements can be disassembled and damped using these techniques. In a 
particularly preferred application, the attachment is an engine mount between a 
vehicle frame and an engine, which is selectively releasable during a catastrophic 
event, such as a collision or impact. The release could occur, for example, either by 
reducing the shear and/or pull-off force, or increasing the flexural modulus of the 
hook elements to break away through brittle fracture of the hook elements. Prior to 
disassembly on demand, varying the flexural modulus of the hook elements provides 
active damping of vibrations. 

[0035] While the disclosure has been described with reference to an 
exemplary embodiment, it will be understood by those skilled in the art that various 
changes may be made and equivalents may be substituted for elements thereof 
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without departing from the scope of the disclosure. In addition, many modifications 
may be made to adapt a particular situation or material to the teachings of the 
disclosure without departing from the essential scope thereof. Therefore, it is 
intended that the disclosure not be limited to the particular embodiment disclosed as 
the best mode contemplated for carrying out this disclosure, but that the disclosure 
will include all embodiments falling within the scope of the appended claims. 
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